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&RUUHVSRQGLQJ DXWKRUV 3DORPD 0DV SDORPDPDV#FUDJHQRPLFDHV 3KLOLS $ :LJJH3 
ZLJJH#LJ]HYGH3LO-RRQ6HRSMVHR#VQXDFNU4 
5 
7KH(YHQLQJ&RPSOH[HVWDEOLVKHVUHSUHVVLYHFKURPDWLQGRPDLQVYLD+$=6 
GHSRVLWLRQ 7 
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25 
7KHVHDXWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN26 
&RUUHVSRQGLQJ DXWKRUV 30 SDORPDPDV#FUDJHQRPLFDHV 3: ZLJJH#LJ]HYGH RU27 
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SMVHR#VQXDFNU28 
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7KHDXWKRUUHVSRQVLEOHIRUGLVWULEXWLRQRIPDWHULDOV LQWHJUDO WR WKH ILQGLQJVSUHVHQWHGLQ WKLV30 
DUWLFOH LQ DFFRUGDQFH ZLWK WKH SROLF\ GHVFULEHG LQ WKH ,QVWUXFWLRQV IRU $XWKRUV31 
ZZZSODQWSK\VLRORUJLV30SDORPDPDV#FUDJHQRPLFDHV3:ZLJJH#LJ]HYGHRU32 
3-6SMVHR#VQXDFNU33 
34 
2QHVHQWHQFHVXPPDU\7KH(YHQLQJ&RPSOH[ LQWHUDFWVZLWK WKHFRPSOH[ UHVSRQVLEOH IRU35 
WKHGHSRVLWLRQRIWKHKLVWRQHYDULDQW+$=FUHDWLQJUHSUHVVLYHFKURPDWLQGRPDLQVWRUHSUHVV36 
DFRKRUWRIWDUJHWJHQHVLQArabidopsis37 
38 
$XWKRUFRQWULEXWLRQV3:30DQG3-6SDUWLFLSDWHGLQWKHGHVLJQRIWKHVWXG\DQGZURWHWKH39 
PDQXVFULSW07./DQG17SHUIRUPHGWKHPROHFXODUH[SHULPHQWV07DQG'(SHUIRUPHG40 
WKHDQDO\VLVRIVHTXHQFLQJGDWD076&--9&DQG06%SHUIRUPHGODUJHVFDOHWLPHFRXUVH41 
H[SHULPHQWV07DQG.(-SHUIRUPHG&K,3VHTH[SHULPHQWV3:30DQG3-6FRQFHLYHGWKH42 
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$EVWUDFW46 
7KH(YHQLQJ&RPSOH[ (& LVDFRUHFRPSRQHQWRI WKH$UDELGRSVLV Arabidopsis thaliana47 
FLUFDGLDQFORFNZKLFKUHSUHVVHV WDUJHWJHQHH[SUHVVLRQDW WKHHQGRI WKHGD\DQG LQWHJUDWHV48 
WHPSHUDWXUHLQIRUPDWLRQWRFRRUGLQDWHHQYLURQPHQWDODQGHQGRJHQRXVVLJQDOV+HUHZHVKRZ49 
WKDWWKH(&LQGXFHVUHSUHVVLYHFKURPDWLQVWUXFWXUHWRUHJXODWHWKHHYHQLQJWUDQVFULSWRPH7KH50 
(& FRPSRQHQW (/) GLUHFWO\ LQWHUDFWV ZLWK D SURWHLQ IURP WKH 6:,61)5(/$7('51 
6:5FRPSOH[WRFRQWUROGHSRVLWLRQRI+$=QXFOHRVRPHVDWWKH(&WDUJHWJHQHV6:552 
FRPSRQHQWV GLVSOD\ FLUFDGLDQ RVFLOODWLRQ LQ JHQH H[SUHVVLRQ ZLWK D SHDN DW GXVN ,Q WXUQ53 
6:5 LV UHTXLUHG IRU WKH FLUFDGLDQ FORFNZRUN DV GHIHFWV LQ 6:5 DFWLYLW\ DOWHU PRUQLQJ54 
H[SUHVVHGJHQHV7KH(&6:5FRPSOH[ELQGVWRWKHORFLRIWKHFRUHFORFNJHQHVPSEUDO-55 
RESPONSE REGULATOR7 PRR7 DQG PRR9 DQG FDWDO\]HV GHSRVLWLRQ RI QXFOHRVRPHV56 
FRQWDLQLQJ WKHKLVWRQHYDULDQW+$=FRLQFLGHQWZLWK WKH UHSUHVVLRQRI WKHVHJHQHVDWGXVN57 
7KLV SURYLGHV D PHFKDQLVP E\ ZKLFK WKH FLUFDGLDQ FORFN WHPSRUDOO\ HVWDEOLVKHV UHSUHVVLYH58 
FKURPDWLQGRPDLQVWRVKDSHRVFLOODWRU\JHQHH[SUHVVLRQDURXQGGXVN59 
60 
.H\ZRUGV&KURPDWLQUHPRGHOLQJFLUFDGLDQFORFN(YHQLQJ&RPSOH[+$=6:561 
 62 
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,QWURGXFWLRQ63 
7KHFLUFDGLDQFORFNJHQHUDWHVELRORJLFDOUK\WKPVZLWKDSHULRGRIDSSUR[LPDWHO\KRXUVWR64 
FRRUGLQDWH SODQW JURZWK DQG GHYHORSPHQW ZLWK HQYLURQPHQWDO F\FOHV *UHHQKDP DQG65 
0F&OXQJ$ODUJHIUDFWLRQRIWKH$UDELGRSVLVArabidopsis thalianaWUDQVFULSWRPHLV66 
FLUFDGLDQUHJXODWHG 6WDLJHU DQG *UHHQ  &LUFDGLDQ WUDQVFULSWLRQ DOORZV WKH PROHFXODU67 
DQWLFLSDWLRQ RI WKH HQYLURQPHQWDO F\FOHV ZKLFK LPSURYHV SODQW ILWQHVV DQG DGDSWDWLRQ68 
<HUXVKDOPLHWDO&RQVLVWHQWZLWKLWVDGDSWLYHIXQFWLRQWKHFLUFDGLDQFORFNLVVXEMHFW69 
WRPXOWLSOHOD\HUVRIUHJXODWLRQZKLFKFRQWULEXWHWRZDUGVDFFXUDWHRVFLOODWLRQV6HRDQG0DV70 
 71 
 7UDQVFULSWLRQDO UHJXODWLRQ RI FLUFDGLDQ JHQHV LV D EDVLF IUDPHZRUN RI FORFN72 
DUFKLWHFWXUH &DUUH DQG .LP  6DORPH DQG 0F&OXQJ  7KH $UDELGRSVLV FHQWUDO73 
RVFLOODWRUFRQVLVWVRIDVHULHVRIVHTXHQWLDOUHJXODWRU\ORRSVFRPSRVHGRIJHQHVH[SUHVVHGDW74 
GLIIHUHQW WLPHV GXULQJ WKH GLXUQDO F\FOH 0RUQLQJH[SUHVVHG JHQHV VXFK DV CIRCADIAN 75 
CLOCK-ASSOCIATED 1 CCA1DQGLATE ELONGATED HYPOCOTYL LHY UHSUHVV WKH76 
H[SUHVVLRQ RI HYHQLQJH[SUHVVHG JHQHV OLNH TIMING OF CAB EXPRESSION 1/PSEUDO-77 
RESPONSE REGULATOR 1 TOC1/PRR1 $ODEDGL HW DO  ZKLOH LQ WXUQ WKH 72&78 
SURWHLQUHSUHVVHVCCA1DQGLHYGXULQJWKHQLJKW$ODEDGLHWDO*HQGURQHWDO79 
+XDQJHWDO3RNKLONRHWDO5HSUHVVLRQRICCA1DQGLHYWKURXJKRXWWKHGD\80 
DOVR RFFXUV E\ WKH VHTXHQWLDO DFWLRQ RI DGGLWLRQDO PHPEHUV RI WKH 355 IDPLO\ LQFOXGLQJ81 
355355DQG3551DNDPLFKLHWDO6DORPHHWDO$GGLWLRQDOUHSUHVVRUV82 
RIPRUQLQJJHQHH[SUHVVLRQLQFOXGHWKHFRPSRQHQWVRIWKH(YHQLQJ&RPSOH[(&($5/<83 
)/2:(5,1*  (/) (/) DQG /8; $55<7+023+<72&/2&.  /8;3&/84 
1XVLQRZHWDO&KRZHWDO+HUUHURHWDO85 
 7KH(&LVDFRUHFRPSRQHQWRIWKHFLUFDGLDQFORFNDQGelf3PXWDQWVDUHDUUK\WKPLF86 
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XQGHUFRQWLQXRXV OLJKW +LFNVHWDO/XHWDO%\ELQGLQJ WR WKHSURPRWHUVRI87 
KXQGUHGVRINH\ UHJXODWRUVRIFLUFDGLDQFORFNSKRWRV\QWKHVLVDQGSK\WRKRUPRQHVLJQDOLQJ88 
WKH(&LVDEOHWRUHSUHVVWKHLUH[SUHVVLRQ(]HUHWDO%HFDXVHWKHDFWLYLW\RIWKH(&LV89 
UHGXFHG DW ZDUPHU WHPSHUDWXUHV DQG HQYLURQPHQWDO VHQVLQJ SK\WRFKURPHV FRELQG WDUJHW90 
SURPRWHUV WKH (& LV DEOH WR LQWHJUDWH HQYLURQPHQWDO LQIRUPDWLRQ LQWR HQGRJHQRXV91 
GHYHORSPHQWDOSURJUDPV (]HUHWDO +RZHYHU WKHPROHFXODUPHFKDQLVPVE\ZKLFK92 
WKH(&UHSUHVVHVJHQHH[SUHVVLRQDUHQRWNQRZQ93 
 +LVWRQHYDULDQWV LQIOXHQFHFKURPDWLQVWUXFWXUHDQGWKHUHIRUHWUDQVFULSWLRQ+$=LV94 
WKH PRVW ZHOOFRQVHUYHG KLVWRQH YDULDQW HQULFKHG QHDU WUDQVFULSWLRQ VWDUW VLWHV 766V95 
5DLVQHUHWDO5DLVQHUDQG0DGKDQLDQGLQIOXHQFLQJWUDQVFULSWLRQDODFWLYLWLHVRI96 
DVVRFLDWHG JHQHV 5DLVQHU HW DO  (IIHFWV RI +$= GHSRVLWLRQ DUH OLNHO\ YDULDEOH97 
GHSHQGLQJ RQ FKURPDWLQ FRQWH[W +$= GHSRVLWLRQ DW SURPRWHUV SUHYHQWV WKH VSUHDG RI98 
KHWHURFKURPDWLQLQ\HDVWDQGLVDVVRFLDWHGZLWKWUDQVFULSWLRQDOLQGXFLELOLW\*XLOOHPHWWHHWDO99 
 ZKHUHDV LQ PHWD]RDQV +$= KDV EHHQ VKRZQ WR SOD\ D UROH LQ KHWHURFKURPDWLQ100 
IRUPDWLRQ DQG PDLQWHQDQFH 5DQJDVDP\ HW DO  6ZDPLQDWKDQ HW DO  ,Q SODQWV101 
+$=QXFOHRVRPHVFRQIHUWUDQVFULSWLRQDOFRPSHWHQFH'HDOHWDO7RDQG.LP102 
DQGDOVRDSSHDUWRZUDS'1$PRUHWLJKWO\IDFLOLWDWLQJLQGXFLEOHJHQHH[SUHVVLRQ.XPDUDQG103 
:LJJH&ROHPDQ'HUUDQG=LOEHUPDQ104 
 7KH $UDELGRSVLV JHQRPH HQFRGHV SXWDWLYH KRPRORJV RI FDWDO\WLF VXEXQLWV RI WKH105 
6ZL6QI5HODWHG 6:5  6ZL6QI5HODWHG &%3 $FWLYDWRU 3URWHLQ 65&$3 FRPSOH[106 
UHVSRQVLEOH IRU +$= GHSRVLWLRQ LQFOXGLQJ 3+2723(5,2',1'(3(1'(17 ($5/<107 
)/2:(5,1*3,($&7,15(/$7('3527(,1$53DQG6(55$7('/($9(6108 
$1' ($5/< )/2:(5,1* 6() 0DUFK'LD] DQG 5H\HV  7KH 6:5 FRPSOH[109 
DVVRFLDWHV H[WHQVLYHO\ ZLWK FKURPDWLQ DQG FDWDO\]HV +$= H[FKDQJH DW JHQRPLF OHYHOV110 
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&RQVLVWHQWO\ 6:5PHGLDWHG FKURPDWLQ UHPRGHOLQJ LV LQYROYHG LQ GLYHUVH DVSHFWV RI SODQW111 
SK\VLRORJ\DQGGHYHORSPHQWVXFKDVWKHIORUDOWUDQVLWLRQLPPXQHUHVSRQVHVDQGWHPSHUDWXUH112 
VHQVLQJ 1RK DQG $PDVLQR  'HDO HW DO  .XPDU DQG :LJJH  +HUH ZH113 
UHSRUW WKDW WKH(&DVVRFLDWHVZLWK WKH6:5FRPSOH[ WR UHSUHVV WKHHYHQLQJ WUDQVFULSWRPH114 
$V D SDUW RI LWV ELRORJLFDO LPSDFW WKLV FRPSOH[ VKDSHV FLUFDGLDQ RVFLOODWLRQV E\ WDUJHWLQJ115 
FORFNJHQHVVXFKDVPRR7DQGPRR9IRU+$=GHSRVLWLRQDQGJHQHUHSUHVVLRQ7KHVHUHVXOWV116 
LQGLFDWHWKDWGLXUQDO+$=GHSRVLWLRQSURYLGHVDPHFKDQLVPFRQWULEXWLQJWRFLUFDGLDQJHQH117 
H[SUHVVLRQLQ$UDELGRSVLV118 
119 
5HVXOWV120 
(/)VWDELOL]HVQXFOHRVRPHDUFKLWHFWXUHDW(&WDUJHWJHQHV121 
7R XQGHUVWDQG KRZ WKH (& IXQFWLRQV ZH FUHDWHG D VWULQJHQW OLVW RI GLUHFW (& WDUJHWV122 
6XSSOHPHQWDO 7DEOH6 GHILQHG DV JHQHVZKRVHSURPRWHUV DUH ERXQGE\ DW OHDVW WZR(&123 
SURWHLQV DQG ZKLFK DUH PLVH[SUHVVHG DW WKH HQG RI WKH GD\ LQ elf3-1 (]HU HW DO 124 
3UHYLRXVO\ ZH KDYH VHHQ WKDW (& WDUJHWV VKRZ WKH VDPH SDWWHUQ RI PLVH[SUHVVLRQ LQ ERWK125 
elf3-1DQGlux-4ZKHQFRPSDUHGWRZLOGW\SHRYHUDKWLPHFRXUVH(]HUHWDO,Q126 
ERWK FDVHV WKHUH LV PLQLPDO GHYLDWLRQ IURP ZLOGW\SH JHQH H[SUHVVLRQ GXULQJ WKH GD\ EXW127 
PD[LPDOGHYLDWLRQGXULQJWKHHYHQLQJDQGQLJKWWLPHFRLQFLGLQJZLWKWKHDFWLYLW\RIWKH(&128 
+XDQJDQG1XVLQRZ)XUWKHUPRUHWKHIROGLQFUHDVHLQH[SUHVVLRQLQelf3-1DQGlux-4129 
LV DOVR FRQVHUYHG EHWZHHQ WDUJHW JHQHV (]HU HW DO  7KLV LQGLFDWHV WKDW WKH (&130 
FRPSRQHQWVFRQWUROWDUJHWJHQHH[SUHVVLRQSRVVLEO\DOWRJHWKHU7KXVZHQH[WDVNHGKRZWKH131 
(&JOREDOO\FRQWUROVHQGRJHQRXVJHQHH[SUHVVLRQSURJUDPV132 
6LQFH FKURPDWLQ DFFHVVLELOLW\ ZKLFK LV UHODWHG WR JHQH UHVSRQVLYHQHVV LV XVXDOO\133 
FRRUGLQDWHGZLWK WUDQVFULSWLRQDO UHJXODWLRQ ZH LQYHVWLJDWHG LI (& WDUJHWV KDYH D GLVWLQFWLYH134 
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QXFOHRVRPH VWUXFWXUH DQG LI WKLV LV SHUWXUEHG LQ elf3-1 0LFURFRFFDO QXFOHDVH 01DVH135 
SURGXFHV GRXEOHVWUDQGHG FXWV EHWZHHQ QXFOHRVRPHV WKXV SURYLGLQJ D VLPSOH PHWKRG IRU136 
REWDLQLQJ LQIRUPDWLRQRQ WKH ORFDWLRQVDQGDUUDQJHPHQWVRIQXFOHRVRPHV6KXHWDO137 
:HLQYHVWLJDWHGWKHJHQRPHDFFHVVLELOLW\RIWKH(&WDUJHWORFLDWDUDQJHRIWLPHSRLQWVXVLQJ138 
01DVH GLJHVWLRQ FRXSOHG ZLWK VHTXHQFLQJ 01DVHVHT :H REVHUYHG KLJK QXFOHRVRPH139 
RFFXSDQF\IRU(&WDUJHWJHQHV)LJ$)DQGWKLVLQFUHDVHGDW=7DQG=7)LJ%&(140 
DQG ) FRLQFLGLQJ ZLWK PD[LPDO (& DFWLYLW\ 1RWDEO\ D PDUNHG LQFUHDVH LQ FKURPDWLQ141 
DFFHVVLELOLW\ZDVREVHUYHGLQWKHelf3-1PXWDQW)LJ%&(DQG)FRQVLVWHQWZLWKWKH(&142 
UHSUHVVLRQRIJHQHH[SUHVVLRQ7KHQXFOHRVRPHRFFXSDQF\LQelf3-1ZDVPRVWVLPLODUWRZLOG143 
W\SHDW=7)LJ$DQG'EXWGHFUHDVHGDVWKHGD\SURJUHVVHVVKRZLQJWKHJUHDWHVWORVVDW144 
=7E\ZKLFK WLPH WKHJHQHERG\QXFOHRVRPHRFFXSDQF\ZDVEDUHO\GHWHFWDEOH )LJ&145 
DQG ) 7KHVH UHVXOWV VXJJHVW WKDW (&GHSHQGHQW JHQH UHSUHVVLRQ LV LQGXFHG LQ SDUW E\146 
WHPSRUDOVWDELOL]DWLRQRIUHSUHVVLYHFKURPDWLQVWUXFWXUHV147 
148 
&RPSRQHQWVRIWKH6:5FRPSOH[DUHQHFHVVDU\IRU(&IXQFWLRQ149 
7R LGHQWLI\JHQHVPHGLDWLQJ WKHFRQQHFWLRQEHWZHHQ WKH(&DQGFKURPDWLQDUFKLWHFWXUHZH150 
VXUYH\HG WKH ',851$/ GDWDVHW KWWSGLXUQDOPRFNOHUODERUJ IRU WUDQVFULSWV KDYLQJ D151 
VLPLODUH[SUHVVLRQSDWWHUQWRWKH(&7UDQVFULSWVHQFRGLQJKLVWRQHYDULDQWVDVZHOODV6:5152 
FRPSRQHQWVUHTXLUHGIRU+$=GHSRVLWLRQZHUHLQFOXGHGDQGWKH\ZHUHUHJXODWHGLQGLXUQDO153 
DQGFLUFDGLDQSDWWHUQV6XSSOHPHQWDO)LJ6$7RFRQILUPWKHVHREVHUYDWLRQVZHH[DPLQHG154 
WKH FLUFDGLDQ H[SUHVVLRQRI JHQHV DVVRFLDWHGZLWK +$= H[FKDQJHE\ UHYHUVH WUDQVFULSWLRQ155 
TXDQWLWDWLYH 3&5 57T3&5 DQDO\VLV *HQHV HQFRGLQJ WKH 6:5 FRPSRQHQWV LQFOXGLQJ156 
ARP6 PIE1 DQG SEF GLVSOD\HG FLUFDGLDQ RVFLOODWLRQ XQGHU IUHHUXQQLQJ FRQGLWLRQV ZLWK D157 
SHDN DURXQG GXVN )LJ $& VLPLODU WR ELF3 )LJ ' 7KH WUDQVFULSW DFFXPXODWLRQ RI158 
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KLVWRQHYDULDQWJHQHVHTA8HTA9DQGHTA11KRZHYHUGLGQRWVLJQLILFDQWO\RVFLOODWHGXULQJ159 
WKHFLUFDGLDQF\FOHLQRXUFRQGLWLRQV6XSSOHPHQWDO)LJ6%160 
 7R GHWHUPLQH LI +$=QXFOHRVRPHV DUH LPSRUWDQW IRU (& IXQFWLRQ ZH DQDO\]HG161 
ZKHWKHU (& WDUJHWV DUH PLVH[SUHVVHG LQ arp6-1 ZKLFK LV FRPSURPLVHG LQ LWV DELOLW\ WR162 
LQFRUSRUDWH +$=QXFOHRVRPHV .XPDU DQG :LJJH  ([SUHVVLRQ RI (& WDUJHW JHQHV163 
RYHU D GLXUQDO F\FOH ZDV DQDO\]HG XVLQJ 51$VHT 7KHVH JHQHV LQ WKLV FOXVWHU VKRZHG D164 
SDWWHUQRILQFUHDVHGH[SUHVVLRQDWWKHHQGRIGD\DQGHDUO\QLJKWLQarp6-1FRPSDUHGWRZLOG165 
W\SH)LJ$DSDWWHUQFRQVLVWHQWZLWKUHGXFHG(&IXQFWLRQLQarp6-1 166 
6LQFH ZDUP WHPSHUDWXUH UHGXFHV WKH DELOLW\ RI WKH (& WR DVVRFLDWH ZLWK WDUJHW167 
SURPRWHUV%R[HWDO(]HUHWDOZHLQYHVWLJDWHGKRZWKHVHJHQHVUHVSRQGWR168 
& $V H[SHFWHG (& WDUJHWV ZHUH XSUHJXODWHG LQ ZLOG W\SH DW & SDUWLFXODUO\ DURXQG169 
HYHQLQJDQGQLJKWWLPH)LJ%UHIOHFWLQJLPSDLUHG(&IXQFWLRQ7KLVSDWWHUQZDVKRZHYHU170 
VWURQJO\HQKDQFHGE\ WKHarp6-1 PXWDWLRQ )LJ%7KHVH UHVXOWV LQGLFDWH WKDW WKH(&DQG171 
+$=QXFOHRVRPHVIXQFWLRQWRUHSUHVV(&WDUJHWV172 
173 
(/)SK\VLFDOO\LQWHUDFWVZLWK6()174 
+DYLQJ HVWDEOLVKHG D FRQQHFWLRQ EHWZHHQ WKH (&GHSHQGHQW JHQH UHSUHVVLRQ DQG +$=175 
QXFOHRVRPHVZHVRXJKWWRLQYHVWLJDWHLIWKHUHPLJKWEHDGLUHFWSK\VLFDOLQWHUDFWLRQEHWZHHQ176 
WKHFRPSRQHQWVLQYROYHGLQWKHVHSURFHVVHV7RWHVWWKLVSRVVLELOLW\ZHSHUIRUPHG\HDVWWZR177 
K\EULG <+DVVD\V&RQVWUXFWVRIFRPSRQHQWVRI WKH6:5FRPSOH[$&7,15(/$7('178 
3527(,1$53$536()6:5&203/(;3527(,16:&DQG6:&IXVHG179 
ZLWK*$/'1$ELQGLQJGRPDLQ%'DQGHYHQLQJH[SUHVVHGFORFNFRPSRQHQWVIXVHGZLWK180 
*$/ DFWLYDWLRQ GRPDLQ $' ZHUH FRH[SUHVVHG LQ \HDVW FHOOV &HOO JURZWK RQ VHOHFWLYH181 
PHGLXPUHYHDOHG WKDW6() LQWHUDFWVVSHFLILFDOO\ZLWK(/))LJ$DQG6XSSOHPHQWDO)LJ182 
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6 $OWKRXJK (/) LV DOVR DPHPEHU RI WKH (& +XDQJ HW DO ZHGLG QRW REVHUYH183 
LQWHUDFWLRQV RI 6() ZLWK (/) LQ \HDVW FHOOV )LJ $ 6LQFH WKH 3+2723(5,2'184 
,1'(3(1'(17 ($5/< )/2:(5,1*  3,( SURWHLQ LV D FDWDO\WLF FRUH RI 6:5185 
FRPSOH[ ZH DOVR H[DPLQHG LQWHUDFWLRQV EHWZHHQ 3,( DQG (& FRPSRQHQWV :H KDG186 
GLIILFXOWLHV FORQLQJ WKH IXOOOHQJWK 3,( DQG LQVWHDG DVVD\HG GRPDLQV RI 3,( 2XU UHVXOWV187 
VKRZHG WKDW WKH6$17GRPDLQRI3,(ZDVDEOH WR LQWHUDFWZLWK(/) 6XSSOHPHQWDO)LJ188 
6 7RJHWKHU WKH UHVXOWV LQGLFDWH WKDW 3,( SRVVLEO\ DORQJ ZLWK 6() SDUWLFLSDWH LQ WKH189 
SK\VLFDOLQWHUDFWLRQVZLWK(/)190 
7RFRQILUPWKHSK\VLFDOLQWHUDFWLRQ in vivoZHFDUULHGRXWELPROHFXODUIOXRUHVFHQFH191 
FRPSOHPHQWDWLRQ%L)&DVVD\VXVLQJ$UDELGRSVLVSURWRSODVWV7KHSEFF'1$VHTXHQFHZDV192 
IXVHGLQIUDPHWRWKH¶HQGRIDJHQHVHTXHQFHHQFRGLQJWKH1WHUPLQDOKDOIRI<)3DQGWKH193 
ELF3JHQHZDV IXVHG LQIUDPH WR WKH¶HQGRIDVHTXHQFHHQFRGLQJ WKH&WHUPLQDOKDOIRI194 
<)3 7KH IXVLRQ FRQVWUXFWV ZHUH WKHQ WUDQVLHQWO\ FRH[SUHVVHG LQ $UDELGRSVLV SURWRSODVWV195 
6WURQJ \HOORZ IOXRUHVFHQFH ZDV GHWHFWHG LQ WKH QXFOHXV RI FHOOV FRH[SUHVVLQJ WKH196 
FRPELQDWLRQRI6()(/) )LJ%ZKLOH FRH[SUHVVLRQZLWK HPSW\YHFWRUVGLGQRW VKRZ197 
YLVLEOH IOXRUHVFHQFH )LJ % 7R TXDQWLI\ WKH SK\VLFDO LQWHUDFWLRQ VSOLW /XFLIHUDVH /XF198 
DVVD\ZDVDOVRHPSOR\HG(/)ZDVIXVHGZLWKWKHDPLQRSDUWRI/XF1/XFDQG6()ZDV199 
IXVHGZLWK FDUER[\OSDUW RI/XF &/XF )LJ & &RH[SUHVVLRQ RI (/)1/XFDQG 6()200 
&/XF LQ $UDELGRSVLV SURWRSODVWV UHVXOWHG LQ IROG LQFUHDVH RI /XF DFWLYLW\ ZKLOH FR201 
H[SUHVVLRQ RI FRQWUROV VKRZHG EDFNJURXQGOHYHO /XF DFWLYLWLHV )LJ & 7KH in planta202 
LQWHUDFWLRQV RI (/) DQG 6() ZHUH FRQILUPHG E\ FRLPPXQRSUHFLSLWDWLRQ &R,3 DVVD\V203 
XVLQJ Nicotiana benthamiana FHOOV WUDQVLHQWO\ FRH[SUHVVLQJ 6ELF3-GFP DQG 6SEF-204 
MYC IXVLRQFRQVWUXFWV%HFDXVHWKHIXOOOHQJWK(/)SURWHLQLVDODUJHSURWHLQLWLVGLIILFXOW205 
WRH[SUHVVWUDQVLHQWO\LQNbenthamiana$VDQDOWHUQDWLYHZHGHVLJQHGIUDJPHQWVRI(/)206 
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IXVHGZLWK*)3DQGXVHGWKHPWRWHVWSK\VLFDOLQWHUDFWLRQVZLWK6())LJ'&R,3DQDO\VLV207 
UHYHDOHG WKDW WKH &WHUPLQDO UHJLRQ RI (/) ZDV UHVSRQVLEOH IRU LQWHUDFWLRQV ZLWK 6() in 208 
planta)LJ'7KHVHUHVXOWVLQGLFDWHWKDWWKH(&GLUHFWO\LQWHUDFWVZLWKWKH6:5FRPSOH[209 
DQGWKLVPD\IDFLOLWDWHWKHGLUHFWGHSRVLWLRQRI+$=QXFOHRVRPHVDW(&WDUJHWJHQHV210 
211 
+$=QXFOHRVRPHVDUHGHSRVLWHGDW(&WDUJHWORFL212 
6LQFH(& WDUJHW JHQHV DUHPLVUHJXODWHG LQ arp6-1 DQG(/)DQG6() LQWHUDFW GLUHFWO\ZH213 
LQYHVWLJDWHG LI +$=QXFOHRVRPHV DUH HQULFKHG DW (& WDUJHW JHQHV +7$ RFFXSDQF\214 
DVVD\HGE\&K,3VHT&RUWLMRHWDOVKRZHGDVWURQJHQULFKPHQWDFURVVWKHJHQHERG\215 
RI(/)WDUJHWV)LJ$7KHRFFXSDQF\ZDVSDUWLFXODUO\KLJKDWWKHUHJLRQVXUURXQGLQJWKH216 
766DWWKHSUHVXPSWLYHQXFOHRVRPHEXWZDVDOVRPDUNHGO\KLJKHURYHUWKHJHQHERG\RI217 
(/) WDUJHWV )LJ $ %\ FRPSDULVRQ UDQGRPO\ VHOHFWHG FRQWURO JHQHV VKRZHG +$=218 
HQULFKPHQWDURXQGWKH766RQO\)LJ%DQG6XSSOHPHQWDO7DEOH6219 
:H WKHQ FRPSDUHG WKH JHQRPHZLGH DVVRFLDWLRQ RI (/) ZLWK +$= &RQVLVWHQW220 
ZLWKWKHIDFWWKDWWKH(&LVUHFUXLWHGWRWDUJHWVLWHVYLD/8;ELQGLQJVLWHVDQG*ER[PRWLIV221 
(]HU HW DO  ZH REVHUYHG WKDW WKHVH PRWLIV ZHUH VWURQJO\ HQULFKHG DW (/)ELQGLQJ222 
VLWHV(]HUHWDO1RWDEO\WKHIRRWSULQWERXQGE\(/)LQWKHSURPRWHUVRI(&WDUJHW223 
JHQHV LQFOXGLQJ PRR7, PRR9 DQG LUX ZDVGHYRLG RI+$=QXFOHRVRPH VLJQDO )LJ &224 
DQG 6XSSOHPHQWDO )LJ 6$& EXW WKH DGMDFHQW UHJLRQV LQFOXGLQJ WKH JHQH ERGLHV ZHUH225 
KLJKO\RFFXSLHGZLWK+$=QXFOHRVRPHV)LJ&DQG6XSSOHPHQWDO)LJ6$&7KLVDQWL226 
SKDVLQJEHWZHHQ+$=RFFXSDQF\DQGWKH(&ZDVREVHUYHGIRUDOOWKH(&WDUJHWV)LJ&227 
DQG6XSSOHPHQWDO)LJ6$&+$=QXFOHRVRPHVDUHUHIUDFWRU\WRWUDQVFULSWLRQ7KDNDUHW228 
DOVXJJHVWLQJWKDWWKHLQLWLDOELQGLQJRIWKH(&WRWKHSURPRWHUVRIWDUJHWJHQHVPD\229 
DVVLVWVXEVHTXHQWUHFUXLWPHQWRI+$=QXFOHRVRPHVWRUHSUHVV(&WDUJHWJHQHH[SUHVVLRQ 230 
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:HWKXVIXUWKHUGHWHUPLQHGZKHWKHU+$=GHSRVLWLRQLVGHSHQGHQWRQWKH(&&K,3231 
VHTDVVD\V VKRZHG WKDW WKH+$=RFFXSDQF\ZDVREVHUYHG LQ(&WDUJHWJHQHVSDUWLFXODUO\232 
GXULQJ QLJKW WLPH )LJ ' DQG 6XSSOHPHQWDO )LJ 6' ZKHUHDV HQULFKPHQW RI +$=233 
QXFOHRVRPHVDWWKRVHORFLZDVFRPSURPLVHGLQWKHelf3-1PXWDQW)LJ(DQG6XSSOHPHQWDO234 
)LJ6'$VDQHJDWLYHFRQWUROUDQGRPO\VHOHFWHGFRQWUROJHQHVVKRZHGQRWHPSRUDO+$=235 
HQULFKPHQW UHJDUGOHVV RI JHQHWLF EDFNJURXQG 6XSSOHPHQWDO )LJ 6( )XUWKHU ZH DOVR236 
REWDLQHGWZRDGGLWLRQDOOLVWVRIFRQWUROJHQHVJHQHVERXQGE\ERWK(/)DQG/8;EXW237 
QRWXSUHJXODWHGLQelf3-1DQGlux-4PXWDQWV6XSSOHPHQWDO7DEOH6JHQHVXSUHJXODWHG238 
LQelf3-1DQG lux-4EXWQRWERXQGE\HLWKHU(/)RU/8;6XSSOHPHQWDO7DEOH6$JDLQ239 
+$= GHSRVLWLRQ ZDV QRW GLXUQDOO\ UHJXODWHG DQG LQIOXHQFHG E\ (/) LQ ERWK FDVHV240 
6XSSOHPHQWDO )LJV 6 DQG 6 7KHVH UHVXOWV LQGLFDWH WKDW WKH (&6:5 FRPSOH[241 
FRQWULEXWHVWR+$=GHSRVLWLRQDWWKH(&WDUJHWORFL242 
243 
7HPSRUDO UHJXODWLRQRI +$= GHSRVLWLRQDW WKHPRR7 DQGPRR9 SURPRWHUVXQGHUOLHV244 
SURSHUFLUFDGLDQRVFLOODWLRQ245 
*LYHQWKHHVVHQWLDOUROHRIWKH(&LQWKHFLUFDGLDQFORFNDQGWKHGLUHFWSK\VLFDODQGIXQFWLRQDO246 
LQWHUDFWLRQ EHWZHHQ WKH (& DQG WKH 6:5 FRPSOH[ 6:5 PLJKW EH DOVR LPSRUWDQW IRU247 
SURSHUFLUFDGLDQFORFNIXQFWLRQ:HXVHGJHQHWLFPXWDQWVDIIHFWHGLQWKHNH\6:5VXEXQLWV248 
arp6-1DQGsef-1DQGDQDO\]HGFLUFDGLDQIXQFWLRQE\PRQLWRULQJWKHH[SUHVVLRQRIDFLUFDGLDQ249 
RXWSXW JHQH COLD, CIRCADIAN RHYTHM, AND RNA BINDING 2 CCR2 57T3&5250 
DQDO\VLV UHYHDOHG WKDW WKH UK\WKPLF DPSOLWXGH RI CCR2 H[SUHVVLRQ ZDV VLJQLILFDQWO\251 
GDPSHQHGLQWKHWZRPXWDQWV6XSSOHPHQWDO)LJ66LPLODUO\WKHFLUFDGLDQH[SUHVVLRQRI252 
CCR2 ZDV DOVR UHGXFHG LQ hta9-1 hta11-2 GRXEOH PXWDQW 6XSSOHPHQWDO )LJ 6 LQ D253 
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FRPSDUDEOH WUHQG WR WKDW RI 6:5 PXWDQWV 7KHVH UHVXOWV VXJJHVW WKDW 6:5 DFWLYLW\ DQG254 
SURSHUFLUFDGLDQH[FKDQJHRI+$=QXFOHRVRPHVPLJKWEHLPSRUWDQWIRUFLUFDGLDQIXQFWLRQ255 
 1H[W ZH DLPHG WR GHFLSKHU WKH FORFN IDFWRUV WKDW DUH GLUHFW WDUJHWV RI WKH 6:5256 
FRPSOH[ :H WKXV HPSOR\HG pHTA11:HTA11-GFP WUDQVJHQLF SODQWV DQG H[DPLQHG +$=257 
GHSRVLWLRQDWFRUHFORFNJHQHSURPRWHUVE\&K,3DVVD\VZLWKD*)3VSHFLILFDQWLERG\&K,3258 
T3&5 DQDO\VLV VKRZHG WKDW +$= GHSRVLWLRQ VSHFLILFDOO\ RFFXUV DW WKH JHQH ERGLHV RI WKH259 
PRUQLQJH[SUHVVHGJHQHVPRR7DQG PRR9)LJ$ZKHUHDVRWKHUFRUHFORFNJHQHVGLGQRW260 
VKRZ VLJQLILFDQW GLXUQDO HQULFKPHQW RI WKH +$= YDULDQW 6XSSOHPHQWDO )LJ 6261 
)XUWKHUPRUH +$= DFFXPXODWLRQ ZDV SULPDULO\ REVHUYHG DURXQG GXVN DW WKH PRR7 DQG 262 
PRR9 ORFL )LJ$ZKLFKLVFRQVLVWHQWZLWKWKH WHPSRUDOH[SUHVVLRQSDWWHUQVRI WKH(/)263 
DQG6:5FRPSRQHQWV)LJ$'264 
:HDOVRJHQHUDWHGWUDQVJHQLFSODQWVRYHUH[SUHVVLQJSEF6MYC-SEFLQZKLFK265 
WKHFRUHFRPSRQHQWRIWKH6:5FRPSOH[6()LVIXVHGLQIUDPHWRFRSLHVRI0<&FRGLQJ266 
VHTXHQFHT3&5DQDO\VLVIROORZLQJ&K,3DVVD\VZLWKDQDQWL0<&DQWLERG\VKRZHGWKDWWKH267 
6:5 FRPSRQHQW ELQGV WR WKH PRR7 DQG PRR9 ORFL )LJ % 7KHVH UHVXOWV VXSSRUW WKH268 
VSHFLILFDVVRFLDWLRQRI6()ZLWK WKHPRUQLQJH[SUHVVHGJHQHVDQGDJUHHZLWK WKHSDWWHUQRI269 
+$= GHSRVLWLRQ +$=QXFOHRVRPH GHSRVLWLRQ XVXDOO\ LQKLELWV 3RO ,, DFFHVVLELOLW\ E\270 
VWLPXODWLQJFORVHGFKURPDWLQIRUPDWLRQ.XPDUDQG:LJJH&RQVLVWHQWZLWKWKLV3RO,,271 
UHFUXLWPHQW ZDV VLJQLILFDQWO\ LQFUHDVHG DW PRRs LQ WKH sef-1 PXWDQW )LJ & ZKLFK KDV272 
ORZHU FDWDO\WLF DFWLYLW\ RI +$= GHSRVLWLRQ 7KHVH UHVXOWV LQGLFDWH WKDW +$= GHSRVLWLRQ273 
RFFXUVDURXQGGXVNDW(&WDUJHWORFLVXFKDVPRR7DQG PRR9WRUHSUHVVWKHLUH[SUHVVLRQ274 
275 
(/)LVQHFHVVDU\IRU+$=GHSRVLWLRQDWPRRVLQWKHFRQWURORIFLUFDGLDQRVFLOODWLRQ276 
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7KH 6()(/) GLUHFW LQWHUDFWLRQ VXJJHVWV WKDW WKHUH PD\ EH IXQFWLRQDO FRRUGLQDWLRQ LQ WKH277 
WHPSRUDO UHJXODWLRQ RI PRR7 DQG PRR9 7R LQYHVWLJDWH WKLV ZH HPSOR\HG pELF3::ELF3-278 
MYC/elf3-1 DQG 6MYC-ELF3 WUDQVJHQLF SODQWV -DQJ HW DO  DQG SHUIRUPHG &K,3279 
DVVD\VXVLQJDQDQWL0<&DQWLERG\&K,3T3&5DQDO\VLVFRQILUPHG WKDW(/)ELQGV WR WKH280 
PRR7DQGPRR9ORFL)LJ$DQGWKLVELQGLQJRFFXUVSUHIHUHQWLDOO\DWGXVN6XSSOHPHQWDO281 
)LJ 6 &RQVLVWHQW ZLWK WKH UHTXLUHPHQW RI (/) DQG /8; LQ D IXQFWLRQDO (& RYHU282 
H[SUHVVLRQRIELF3VWLOOUHVXOWHGLQUK\WKPLFELQGLQJ 283 
 &KURPDWLQ ELQGLQJ RI (/) LV FDXVDO IRU +$= GHSRVLWLRQ DQG LV LQGHSHQGHQW RI284 
+$=RFFXSDQF\:HJHQHWLFDOO\FURVVHGpELF3::ELF3-MYCWUDQVJHQLFSODQWVZLWKarp6-1285 
ZKLFK ODFNV JHQRPHZLGH +$= GHSRVLWLRQ DQG WKH pELF3::ELF3-MYC x arp6-1 SODQWV286 
ZHUHXVHGIRU&K,3DVVD\VXVLQJDQDQWL0<&DQWLERG\6XSSOHPHQWDO)LJ6$VDUHVXOW287 
(/) ELQGLQJ WR PRR ORFL ZDV FRPSDUDEOH LQ ERWK ZLOGW\SH DQG arp6-1 EDFNJURXQGV288 
6XSSOHPHQWDO)LJ6LQGLFDWLQJWKDW(/)ELQGLQJLVDQDFWLYHSURFHVVWRWULJJHU+$=289 
GHSRVLWLRQDWFRJQDWHUHJLRQV290 
7R GHWHUPLQH WKH SRVVLEOH UHJXODWLRQ RI +$= GHSRVLWLRQ E\ (/) ZH H[DPLQHG291 
+$= RFFXSDQF\ E\ &K,3T3&5 DW PRR7 DQG PRR9 LQ elf3-8 $V H[SHFWHG +$=292 
GHSRVLWLRQ ZDV UHGXFHG DW WKHVH ORFL LQ elf3-8 SDUWLFXODUO\ DURXQG GXVN )LJ % DQG293 
6XSSOHPHQWDO )LJ 6 LQGLFDWLQJ WKDW (/) LV ERWK SUHVHQW RQ WKHVH SURPRWHUV DQG294 
IDFLOLWDWHVWKHLQVHUWLRQRUVWDELOLW\RIUHSUHVVLYH+$=QXFOHRVRPHV)LJ%&RQVLVWHQWO\295 
ELQGLQJRI6()ZDVVSHFLILFDOO\REVHUYHGDWGXVNDQGLWVDVVRFLDWLRQWRWKHPRR7DQGPRR9296 
SURPRWHUVRFFXUUHGLQDQ(/)GHSHQGHQWPDQQHU)LJ& 297 
&RQVLVWHQW ZLWK WKH UROH RI WKH (& DQG 6:5 FRPSOH[ LQ WKH UHSUHVVLRQ RI JHQH298 
H[SUHVVLRQ WKH (&6:5 FRPSOH[ FRQWULEXWHV WR WKH GHFOLQLQJ SKDVH RI PRR7 DQG PRR9299 
H[SUHVVLRQ GXULQJ WKH HYHQLQJ DQG QLJKW SHULRG ZKHQ LWV H[SUHVVLRQ LV UHWXUQLQJ WR EDVDO300 
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OHYHOV)DUUHHWDO$VH[SHFWHG3RO,,DFFHVVLELOLW\RIPRR7 DQGPRR9ZDVHOHYDWHGDW301 
GXVN LQelf3-8 )LJ ' ,Q IXUWKHU VXSSRUW RI WKHVH UHVXOWV H[SUHVVLRQRIPRR7 DQGPRR9302 
ZDV HOHYDWHG GXULQJ HYHQLQJ DQG QLJKWWLPH LQ elf3-8 DQG +$=GHILFLHQW hta8 hta9 hta11303 
hta.zPXWDQWV )LJ( ,QDGGLWLRQFRQVLVWHQWZLWK WKHUHSUHVVLQJIXQFWLRQVRI355DQG304 
355 RQ CCA1 DQG LHY 1DNDPLFKL HW DO  H[SUHVVLRQ RI CCA1 DQG LHY ZDV305 
VLJQLILFDQWO\ UHSUHVVHGGXULQJVXEMHFWLYHPRUQLQJ LQelf3-8DQGhta.zPXWDQWV6XSSOHPHQWDO306 
)LJ6&ORFNFRQWUROOHGPHYTOCHROME-INTERACTING FACTOR 4PIF4 H[SUHVVLRQ307 
ZDVDOVRDIIHFWHGLQelf3-8DQGhta.zPXWDQWVDQGHVSHFLDOO\ LWVH[SUHVVLRQZDVGHUHSUHVVHG308 
GXULQJQLJKWSHULRG6XSSOHPHQWDO)LJ67RFRQILUPWKHJHQHWLF LQWHUDFWLRQVRI(&DQG309 
6:5 ZH FURVVHG elf3-8 ZLWK 6MYC-SEF WUDQVJHQLF SODQWV 6XSSOHPHQWDO )LJ 6310 
6MYC-SEFWUDQVJHQLFSODQWVGLVSOD\HGUHSUHVVHGUK\WKPLFH[SUHVVLRQRIPRR7DQGPRR9311 
FRPSDUHGZLWKZLOGW\SHSODQWVZKHUHDVDUUK\WKPLFH[SUHVVLRQZDVREVHUYHGLQelf3-8 )LJ312 
)1RWDEO\WKH6MYC-SEF/elf3-8SODQWVVKRZHGDUUK\WKPLFLW\VLPLODUWRelf3-8 )LJ)313 
LQGLFDWLQJWKDWWKH6:5FRPSOH[GHSHQGVRQWKH(&LQWKHFRQWURORIFLUFDGLDQRVFLOODWLRQ 314 
,Q VXPPDU\ WKH (& LQWHUDFWLRQ ZLWK WKH 6:5 FRPSOH[ SURYLGHV D PHFKDQLVP WR315 
UHFUXLW WUDQVFULSWLRQDOO\ UHSUHVVLYH+$=QXFOHRVRPHV DW FLUFDGLDQ UHJXODWHGJHQHV ,Q WKLV316 
ZD\ WDUJHWVPD\EHUHSUHVVHGRYHU WKHFRXUVHRI WKHQLJKWXQWLO WKH(&DEXQGDQFHGHFOLQHV317 
DQGRUVWURQJDFWLYDWLRQVLJQDOVUHDFWLYDWHJHQHH[SUHVVLRQ,QWKHFDVHRIFLUFDGLDQUHJXODWLRQ318 
WKHPRR7 DQGPRR9JHQHVDUHXQGHU WKH WHPSRUDO UHJXODWLRQRI+$=H[FKDQJH7KH(&319 
6:5FRPSOH[LVUHFUXLWHGWRPRR7 DQGPRR9 IDFLOLWDWLQJ+$=GHSRVLWLRQWRUHGXFHJHQH320 
H[SUHVVLRQ GXULQJ HYHQLQJ DQG QLJKWWLPH 7KLV LQGLFDWHV D UROH IRU WKH (& LQ HVWDEOLVKLQJ321 
FLUFDGLDQZDYHVRIJHQHH[SUHVVLRQ322 
323 
'LVFXVVLRQ324 
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(&GHSHQGHQWFRRUGLQDWLRQRIFKURPDWLQVWUXFWXUHV325 
7KH (/) (/) DQG /8; SURWHLQV IRUP WKH WULSDUWLWH (& FRPSOH[ DQG FRRSHUDWLYHO\326 
UHJXODWHDYDULHW\RIGHYHORSPHQWDOSURFHVVHV7KH\DUHIXQFWLRQDOO\LQWHUWZLQHGLQWKHJDWLQJ327 
RIGD\LQGXFLEOHJHQHV+D]HQHWDO+XDQJDQG1XVLQRZDQGWKXVWKHLUJHQHWLF328 
PXWDQWV VKDUH SKHQRW\SLF DOWHUDWLRQV VXFK DV HORQJDWHG K\SRFRW\OV HDUO\ IORZHULQJ DQG329 
DOWHUHG FLUFDGLDQ UK\WKPV +LFNV HW DO  +D]HQ HW DO  1XVLQRZ HW DO 330 
&RQVLVWHQWO\ WKHLUELQGLQJVLWHV ODUJHO\RYHUODSDQG WKH(&FRQWUROV WDUJHWJHQHH[SUHVVLRQ331 
(]HU HW DO  +HUH ZH VKRZ WKDW WKH (& UHFUXLWV UHSUHVVLYH FKURPDWLQ GRPDLQV WR332 
UHJXODWHWKHHYHQLQJWUDQVFULSWRPH7KH(&LQWHUDFWVZLWKWKH6:5FRPSOH[DQGHVWDEOLVKHV333 
WUDQVFULSWLRQDOO\UHSUHVVLYH +$=QXFOHRVRPHV DW LWV WDUJHW JHQHV 7KH KLJK RFFXSDQF\ RI334 
+$=QXFOHRVRPHV DFURVV WKH JHQH ERGLHV RI WDUJHW JHQHV SURYLGHV DQ HIIHFWLYH EDUULHU WR335 
51$3RO,,PDLQWDLQLQJWKHVHJHQHVLQDUHSUHVVHGVWDWH 336 
 1RWDEO\ PXWDQWV HOLPLQDWLQJ (& DFWLYLW\ OLNH elf3 DQG lux H[KLELW DQ DUUK\WKPLF337 
FLUFDGLDQ FORFN ,Q FRQWUDVW 6:5 PXWDQWV DUH UK\WKPLF EXW ZLWK UHGXFHG DPSOLWXGH338 
7KHUHIRUHGHSRVLWLRQRI+$=E\WKH(&DWFRUHFORFNJHQHVVXFKDVPRR7DQGPRR9 LV339 
LPSRUWDQWIRUFRUUHFWH[SUHVVLRQDPSOLWXGH+RZHYHUFLUFDGLDQFORFNUK\WKPLFLW\DSSHDUVQRW340 
WRGHSHQGRQWKLVPHFKDQLVP$GGLWLRQDOO\ZHFDQQRWUXOHRXWWKHSRVVLELOLW\WKDW(/)PD\341 
UHFUXLW DGGLWLRQDO FKURPDWLQ PRGLILHUV DQGRU UHPRGHOHUV 7KH (& PLJKW EH DQ LPSRUWDQW342 
SODWIRUPIDFLOLWDWLQJFKURPDWLQUHFRQILJXUDWLRQZLWKPXOWLSOHHSLJHQHWLFPRGLILFDWLRQV 343 
7HPSRUDOH[FKDQJHRI+$=QXFOHRVRPHVSURYLGHVDPHFKDQLVPIRUGLXUQDOJDWLQJ344 
RI VHYHUDO SK\VLRORJLFDO SURFHVVHV )RU H[DPSOH D PDMRULW\ RI VWUHVVUHVSRQVLYH JHQHV DUH345 
JDWHGSULPDULO\GXULQJGD\SHULRG6HRDQG0DVDQGFRQVLVWHQWO\DVXEVWDQWLDOQXPEHU346 
RIVWUHVVLQGXFLEOHJHQHVWKDWDUHUHVSRQVLYHWRGURXJKWWHPSHUDWXUHRUSDWKRJHQVDUHXQGHU347 
WKH FRQWURO RI (&GHSHQGHQW +$= GHSRVLWLRQ LQ RUGHU WR HQVXUH WKHLU VXSSUHVVLRQ GXULQJ348 
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QLJKWWLPH(]HUHWDO,QDGGLWLRQ WKHFLUFDGLDQFORFNUHOLHVRQDVHULHVRIZDYHVRI349 
WUDQVFULSWLRQDODFWLYDWLRQDQGUHSUHVVLRQ7KHUHFUXLWPHQWRI+$=QXFOHRVRPHVSURYLGHVD350 
PHFKDQLVPIRUWKHVWDEOHUHSUHVVLRQRIWDUJHWFORFNJHQHVRYHUWKHFRXUVHRIWKHQLJKWZKLFK351 
FDQ EH UREXVWO\ DFWLYDWHG WKH IROORZLQJ GD\ 2YHUDOO WKH (&6:5 FRPSOH[ LV D JOREDO352 
WUDQVFULSWLRQDO UHJXODWRU WKDW IXQFWLRQV LQ WKH GLXUQDO JDWLQJ RI PDQ\ GHYHORSPHQWDO DQG353 
SK\VLRORJLFDO SURFHVVHV DQG SURYLGHV D PRUH VWDEOH PHFKDQLVP IRU PDLQWDLQLQJ UHSUHVVLYH354 
VWDWHVGXULQJQLJKWWLPH355 
356 
&KURPDWLQEDVHGUHJXODWLRQDWWKHFRUHRIWKHFLUFDGLDQFORFN357 
7LPHRIGD\GHSHQGHQWDFFXPXODWLRQRIFKURPDWLQPDUNVVXFKDV+DFDQG+.PHRFFXUV358 
ZLWKWKHFLUFDGLDQWUDQVFULSWDEXQGDQFHRIFORFNJHQHVLQFOXGLQJCCA1LHYTOC1PRR7359 
PRR9 DQG LUX +VX HW DO  9RVV HW DO  0HFKDQLVWLFDOO\ +DF VWLPXODWHV DQ360 
RSHQFKURPDWLQFRQIRUPDWLRQ6RQJDQG1RKZKHUHDV+.PHLQKLELWVWKHELQGLQJ361 
RI FORFN UHSUHVVRU SURWHLQV WR WKH FRUH FORFN JHQH SURPRWHUV DYRLGLQJ DGYDQFHG FLUFDGLDQ362 
UHSUHVVRU ELQGLQJ 0DODSHLUD HW DO  7KH 6'*$7;5 KLVWRQH PHWK\OWUDQVIHUDVH363 
FRQWULEXWHV WR WKH +.PH DFFXPXODWLRQ DQG WKXV FRQWUROV WKH WLPLQJ RI FORFN JHQH364 
H[SUHVVLRQ IURP DFWLYDWLRQ WR UHSUHVVLRQ 0DODSHLUD HW DO  6HYHUDO DGGLWLRQDO365 
FKURPDWLQ PRGLILHUV LQFOXGLQJ +,6721( '($&(7</$6(  +'$ +'$ DQG366 
-8021-,&'20$,1&217$,1,1*3527(,1-8021-,'20$,1&217$,1,1*367 
-0--0-'DUHDOVRFRQQHFWHGZLWK WKHFLUFDGLDQRVFLOODWLRQ -RQHVDQG+DUPHU368 
/XHWDO:DQJHWDODOWKRXJKWKHPHFKDQLVPVEHKLQGFLUFDGLDQJHQHUHJXODWLRQ369 
UHPDLQWREHGHWHUPLQHG370 
7KHHSLJHQHWLFUHJXODWLRQRIFRUHFORFNJHQHVUHOLHVRQDFRPSOH[ZHERIFKURPDWLQ371 
DQG FORFN FRPSRQHQWV )RU H[DPSOH &&$ IDFLOLWDWHV UHSUHVVLYH FKURPDWLQ VLJQDWXUHV WR372 
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UHJXODWHTOC1H[SUHVVLRQDURXQGGDZQZKLOHKLVWRQHGHDFHW\ODVHVFRQWULEXWHWRWKHGHFOLQLQJ373 
SKDVH RI TOC1 3HUDOHV DQG 0DV  $QRWKHU 0<%OLNH WUDQVFULSWLRQ IDFWRU NQRZQ DV374 
5(9(,//( /+<&&$/,.(  59(/&/ IDYRUV + DFHW\ODWLRQ DW WKH TOC1375 
SURPRWHUPRVWOLNHO\E\DQWDJRQL]LQJ&&$IXQFWLRQWKURXJKRXWWKHGD\)DULQDVDQG0DV376 
377 
 ,Q WKLV VWXG\ ZH LGHQWLI\ D UHSUHVVLYH FKURPDWLQ VWDWH WKDW VKDSHV WKH UK\WKPLF378 
RVFLOODWLRQV LQ JHQH H[SUHVVLRQ &LUFDGLDQ +$= GHSRVLWLRQ XQGHUOLHV QRUPDO FLUFDGLDQ379 
RVFLOODWLRQ DQG PRR7 DQG PRR9 DUH SULPDU\ WDUJHWV RI WKH 6:5 FRPSOH[ +$=380 
QXFOHRVRPH GHSRVLWLRQ RFFXUV DURXQG GXVN ZKHQ WKH 6:5 FRPSRQHQWV DUH KLJKO\381 
H[SUHVVHG WR VXSSUHVV JHQH H[SUHVVLRQ 7KH LQWHUDFWLRQ EHWZHHQ WKH 6:5 FRPSOH[ DQG382 
(/) SURYLGHV D GLUHFW PHFKDQLVP WR IDFLOLWDWH +$= H[FKDQJH DW FRJQDWH UHJLRQV383 
FRQWULEXWLQJ WRSUHFLVHRVFLOODWLRQV LQFLUFDGLDQJHQHH[SUHVVLRQ6LQFH WKHPRR7 DQGPRR9 384 
ORFL DUH DOVR VXEMHFWHG WR +DF DQG +.PH PRGLILFDWLRQV 0DODSHLUD HW DO  WKH385 
KLJKHURUGHUFRPELQDWLRQRIPXOWLSOHFKURPDWLQPRGLILFDWLRQVXOWLPDWHO\VKDSHVWKHFLUFDGLDQ386 
ZDYHIRUPVRIJHQHH[SUHVVLRQWKURXJKRXWWKHGD\QLJKWF\FOH387 
,Q PDPPDOV UK\WKPLFDO +$= GHSRVLWLRQ DW WKH SURPRWHUV RI &/2&.%0$/388 
WDUJHWV KDV EHHQ REVHUYHG DOWKRXJK WKH XQGHUO\LQJ PHFKDQLVP LV QRW NQRZQ 0HQHW HW DO389 
 7KLV VXJJHVWV WKDW +$=QXFOHRVRPHV PD\ KDYH D FRQVHUYHG IXQFWLRQ LQ WKH390 
HXNDU\RWLFFLUFDGLDQFORFN 391 
392 
0DWHULDOVDQG0HWKRGV393 
3ODQWPDWHULDOVDQGJURZWKFRQGLWLRQV 394 
$UDELGRSVLVArabidopsisthaliana&ROXPELDHFRW\SHZDVXVHGIRUDOOH[SHULPHQWVXQOHVV395 
RWKHUZLVHVSHFLILHG$UDELGRSVLVVHHGVZHUHVXUIDFHVWHULOL]HGDQGVRZQRQZYDJDU396 
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SODWHVFRQWDLQLQJKDOIVWUHQJWKHQHG0XUDVKLJHDQG6NRRJPHGLD$IWHUGD\VWUDWLILFDWLRQDW397 
R& WKH VHHGV ZHUH JURZQ LQ D &RQYLURQ UHDFKLQ FKDPEHU ZLWK  ȝPRO P V OLJKW398 
LQWHQVLW\DQGKXPLGLW\XQGHUVKRUWGD\KOLJKWKGDUNQHXWUDOGD\KOLJKWK399 
GDUN RU ORQJ GD\  K OLJKW K GDUN FRQGLWLRQV DW R& RU R& DV LQGLFDWHG LQ ILJXUH400 
OHJHQGV 7KH arp6-1 arp6-3 elf3-1 elf3-8 hta9-1hta11-2 pHTA11:HTA11-FLAG401 
pHTA11:HTA11-GFP DQG sef-1 SODQWV ZHUH SUHYLRXVO\ UHSRUWHG 0DUFK'LD] HW DO 402 
.XPDUDQG:LJJH&ROHPDQ'HUUDQG=LOEHUPDQ5RVDHWDO1LWVFKNHHW403 
DO7RSURGXFHWUDQVJHQLFSODQWVRYHUH[SUHVVLQJWKHSEFDQGELF3JHQHVDIXOOOHQJWK404 
F'1$ ZDV VXEFORQHG LQWR WKH ELQDU\ S%$ YHFWRU XQGHU WKH FRQWURO RI WKH &D09 6405 
SURPRWHU Agrobacterium tumefaciensPHGLDWHG $UDELGRSVLV WUDQVIRUPDWLRQ ZDV WKHQ406 
SHUIRUPHG407 
 408 
01DVHVHTDQG&K,3VHTH[SHULPHQWVDQGDQDO\VLV 409 
$SSUR[LPDWHO\  J RI GD\ROG $UDELGRSVLV VHHGOLQJV ZDV KDUYHVWHG DW WKH WLPH SRLQWV410 
LQGLFDWHG LQ ILJXUH OHJHQGV 7KH KDUYHVWHG VHHGOLQJV ZHUH JURXQG LQ OLTXLG QLWURJHQ WR ILQH411 
SRZGHU 7KH WLVVXH SRZGHU ZDV IL[HG IRU  PLQ ZLWK  YY IRUPDOGHK\GH 6,*0$412 
)LQ%XIIHU0VXFURVHP0+(3(6P00J&OP0EPHUFDSWRHWKDQRO413 
 P0 SKHQ\OPHWK\OVXOIRQ\O IOXRULGH 306) DQG  ; SURWHDVH LQKLELWRU 5RFKH414 
7KHUHDFWLRQZDVTXHQFKHGE\DGGLQJJO\FLQHWRDILQDOFRQFHQWUDWLRQRI415 
P0 7KH KRPRJHQDWH ZDV ILOWHUHG WKURXJK 0LUDFORWK WZLFH DQG FHQWULIXJHG WR FROOHFW WKH416 
SHOOHW7KHSHOOHWZDVZDVKHGLQ%XIIHU0VXFURVHP07ULV+&OS+P0417 
0J&OP0EPHUFDSWRHWKDQROP0306)DQG;SURWHDVHLQKLELWRUYY7ULWRQ418 
DQGWKHQVSXQGRZQLQ%XIIHU0VXFURVHP07ULV+&OS+P00J&O419 
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P0EPHUFDSWRHWKDQROP0306)DQG;SURWHDVH LQKLELWRU YY7ULWRQ7KH420 
QXFOHLSHOOHWZDVWKHQUHVXVSHQGHGLQ0QDVH'LJHVWLRQ%XIIHUP07ULV+&OS+421 
P0 1D&O  P0 '77  YY 13  P0 &D&O  P0 306)  ; SURWHDVH422 
LQKLELWRU DQG ZDV IODVK IUR]HQ LQ OLTXLG QLWURJHQ WZLFH WR EUHDN WKH QXFOHDU HQYHORSH423 
&KURPDWLQZDVGLJHVWHGE\DGGLQJ0QDVH 6,*0$1 WR D ILQDO FRQFHQWUDWLRQRI424 
8POIRUPLQ7KHUHDFWLRQZDVWHUPLQDWHGE\DGGLQJ('7$WRDILQDOFRQFHQWUDWLRQRI425 
P0 )RU &K,3VHT VDPSOHV +$= LQ WUDQVJHQLF OLQH pHTA11:HTA11-FLAG ZDV426 
LPPXQRSUHFLSLWDWHG E\ DQWL)/$* 0 PDJQHWLF EHDGV 6,*0$ 0 DQG WKHQ HOXWHG427 
ZLWK;)/$*SHSWLGH%LPDNH%$IWHUUHYHUVHFURVVOLQNLQJWKH'1$ZDVSXULILHG428 
ZLWK635,EHDGV7KHOLEUDULHVZHUHFRQVWUXFWHGXVLQJ7UX6HT&K,36DPSOH3UHSDUDWLRQ.LW429 
,OOXPLQD ,3 DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV 7KH OLEUDULHV ZHUH430 
VHTXHQFHGRQDQ,OOXPLQD1H[WVHTSODWIRUP7KHUDZUHDGVREWDLQHGIURPWKHVHTXHQFLQJ431 
IDFLOLWLHV ZHUH DQDO\]HG XVLQJ D FRPELQDWLRQ RI SXEOLFO\ DYDLODEOH VRIWZDUH DQG LQKRXVH432 
VFULSWV :H ILUVW DVVHVVHG WKH TXDOLW\ RI UHDGV XVLQJ433 
)DVW4&ZZZELRLQIRUPDWLFVEDEUDKDPDFXNSURMHFWVIDVWTF 3RWHQWLDO DGDSWRU434 
FRQWDPLQDWLRQDQGORZTXDOLW\WUDLOLQJVHTXHQFHVZHUHUHPRYHGXVLQJ7ULPPRPDWLF %ROJHU435 
HWDO7KHQ WKHUHDGVZHUHPDSSHGWR WKH7$,5UHIHUHQFHJHQRPHXVLQJ%RZWLH436 
/DQJPHDG DQG 6DO]EHUJ  'XSOLFDWHV ZHUH UHPRYHG ZLWK WKH 3LFDUG WRROV437 
KWWSVJLWKXEFRPEURDGLQVWLWXWHSLFDUGDQGWKHUHDGFRXQWVZDVQRUPDOLVHGE\WKHVDPSOH¶V438 
JHQRPHZLGHUHDGVFRYHUDJH1XFOHRVRPHSRVLWLRQLQJDQGRFFXSDQF\ZHUHGHWHUPLQHGXVLQJ439 
'$1326&KHQHWDO1XFOHRVRPHDQG+$=DYHUDJHELQGLQJSURILOHVDQGKHDWPDSV440 
ZHUHJHQHUDWHGXVLQJGHHS7RROV5DPLUH]HWDO441 
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 7KHµUDQGRPO\VHOHFWHGFRQWUROJHQHV¶ZHUHJHQHUDWHGXVLQJµVDPSOH¶IXQFWLRQLQ5442 
7KH LQGLFHV RI WKH  JHQHV ZHUH JHQHUDWHG E\ WKH 5 FRGH µLQGH[  VDPSOH ¶443 
ZKHUHLV WKHWRWDOQXPEHURI$UDELGRSVLVJHQHV7KHFRUUHVSRQGLQJ$*,JHQHQDPHV444 
ZHUH JHQHUDWHG E\ WKH 5 FRGH µUDQGRP  DOOBJHQHBQDPHV>LQGH[@¶ ,Q DGGLWLRQ ZH DOVR445 
REWDLQHGWZRDGGLWLRQDOOLVWVRIFRQWUROJHQHVZLWKQHZILOWHUVJHQHVERXQGE\ERWK(/)446 
DQG/8;EXWQRWXSUHJXODWHGLQelf3-1DQG lux-4PXWDQWV6XSSOHPHQWDO7DEOH6DQG447 
JHQHVXSUHJXODWHGLQelf3-1DQGlux-4EXWQRWERXQGE\HLWKHU(/)RU/8;6XSSOHPHQWDO448 
7DEOH 6 7KH ILOWHU FULWHULD IRU WKH IRUPHU JHQH OLVW DUH $ KDYLQJ ERWK (/) DQG /8;449 
ELQGLQJ ZLWKLQ  ES XSVWUHDP RI WKH JHQH DQG % WKH ORJ IROG FKDQJHV RI 730 YDOXHV450 
FRPSDUHGZLWK&RODW=7DUHVPDOOHUWKDQIROGLQERWKelf3-1DQGlux-4PXWDQWV7KH451 
ILOWHUFULWHULDIRUWKHODWWHUJHQHOLVWDUH$KDYLQJQR(/)RU/8;ELQGLQJZLWKLQES452 
XSVWUHDPRI WKHJHQH DQG% WKH ORJ IROG FKDQJHVRI730YDOXHV FRPSDUHGZLWK &RO DW453 
=7DUHODUJHUWKDQIROGLQERWKelf3-1DQGlux-4PXWDQWV454 
455 
51$VHTH[SHULPHQWDQGDQDO\VLV 456 
$SSUR[LPDWHO\PJRIGD\ROG$UDELGRSVLVVHHGOLQJVZHUHKDUYHVWHGDQGWKHLUWRWDO51$457 
ZDVH[WUDFWHGXVLQJWKH0DJ0$;7RWDO51$,VRODWLRQNLW$PELRQ$0DFFRUGLQJ458 
WRPDQXIDFWXUHUಬVLQVWUXFWLRQV/LEUDU\SUHSDUDWLRQZDVSHUIRUPHGXVLQJPJRIKLJKLQWHJULW\459 
WRWDO51$5,1!XVLQJWKH7UX6HT6WUDQGHGP51$OLEUDU\SUHSDUDWLRQNLW,OOXPLQD56460 
DFFRUGLQJ WR WKHPDQXIDFWXUHU¶V LQVWUXFWLRQV7KH OLEUDULHVZHUHVHTXHQFHGRQDQ461 
,OOXPLQD1H[WVHTSODWIRUP  462 
)RU ELRLQIRUPDWLFV DQDO\VLV ZH ILUVW DVVHVVHG WKH TXDOLW\ RI UHDGV XVLQJ )DVW4&463 
ZZZELRLQIRUPDWLFVEDEUDKDPDFXNSURMHFWVIDVWTF 3RWHQWLDO DGDSWRU FRQWDPLQDWLRQ DQG464 
ORZTXDOLW\WUDLOLQJVHTXHQFHVZHUHUHPRYHGXVLQJ7ULPPRPDWLF%ROJHUHWDOEHIRUH465 
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DOLJQPHQWWRWKH7$,5WUDQVFULSWRPHXVLQJ7RSKDW7UDSQHOOHWDO3RWHQWLDORSWLFDO466 
GXSOLFDWHV UHVXOWLQJ IURP OLEUDU\ SUHSDUDWLRQ ZHUH UHPRYHG XVLQJ WKH 3LFDUG WRROV467 
KWWSVJLWKXEFRPEURDGLQVWLWXWHSLFDUG DQG WKH UHDG FRXQWV ZHUH QRUPDOL]HG E\ WKH468 
VDPSOH¶VJHQRPHZLGHUHDGVFRYHUDJH5DZFRXQWVZHUHGHWHUPLQHGE\+7VHTFRXQW$QGHUV469 
HWDODQGFXIIOLQNVZDVXWLOL]HGWRFDOFXODWH)UDJPHQWV3HU.LOREDVH0LOOLRQ)3.0470 
ZKLFKZDVWKHQFRQYHUWHGLQWR7UDQVFULSWV3HU0LOOLRQ730471 
 472 
5HYHUVHWUDQVFULSWLRQTXDQWLWDWLYH3&557T3&5DQDO\VLV 473 
7RWDO51$ZDVH[WUDFWHGXVLQJ75, UHDJHQW 7$.$5$%LR6LQJD -DSDQDFFRUGLQJ WR WKH474 
PDQXIDFWXUHUಬV UHFRPPHQGDWLRQV5HYHUVH WUDQVFULSWLRQ 57ZDVSHUIRUPHGXVLQJ0RORQH\475 
0XULQH /HXNHPLD 9LUXV 00/9 UHYHUVH WUDQVFULSWDVH 'U 3URWHLQ 6HRXO 6RXWK .RUHD476 
ZLWKROLJRG7WRV\QWKHVL]HILUVWVWUDQGF'1$IURPPJRIWRWDO51$7RWDO51$VDPSOHV477 
ZHUHSUHWUHDWHGZLWKDQ51$VHIUHH'1$VHF'1$VZHUHGLOXWHGWRP/ZLWK7(EXIIHU478 
DQGP/RIGLOXWHGF'1$ZDVXVHGIRU3&5DPSOLILFDWLRQ 479 
57T3&5UHDFWLRQVZHUHSHUIRUPHGLQZHOOEORFNVXVLQJWKH6WHS2QH3OXV5HDO480 
7LPH3&56\VWHP$SSOLHG%LRV\VWHPV7KH3&5SULPHUVXVHGDUH OLVWHG LQ6XSSOHPHQWDO481 
7DEOH67KHYDOXHVIRUHDFKVHWRISULPHUVZHUHQRUPDOL]HGUHODWLYHWRWKHEUKARYOTIC 482 
TRANSLATION INITIATION FACTOR 4A1 eIF4A JHQH $WJ $OO 57T3&5483 
UHDFWLRQVZHUHSHUIRUPHGZLWKELRORJLFDOWULSOLFDWHVXVLQJWRWDO51$VDPSOHVH[WUDFWHGIURP484 
WKUHH LQGHSHQGHQW UHSOLFDWH VDPSOHV 7KH FRPSDUDWLYH ''&7 PHWKRG ZDV HPSOR\HG WR485 
HYDOXDWH UHODWLYH TXDQWLWLHV RI HDFK DPSOLILHG SURGXFW LQ WKH VDPSOHV 7KH WKUHVKROG F\FOH486 
&7 ZDV DXWRPDWLFDOO\ GHWHUPLQHG IRU HDFK UHDFWLRQ ZLWK WKH DQDO\VLV VRIWZDUH VHW XVLQJ487 
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GHIDXOW SDUDPHWHUV 7KH VSHFLILFLW\ RI WKH 57T3&5 UHDFWLRQV ZDV GHWHUPLQHG E\ PHOWLQJ488 
FXUYHDQDO\VLVRIWKHDPSOLILHGSURGXFWVXVLQJWKHVWDQGDUGPHWKRGHPSOR\HGE\WKHVRIWZDUH 489 
490 
<HDVWWZRK\EULGDVVD\V 491 
<HDVWWZRK\EULG<+DVVD\VZHUHSHUIRUPHGXVLQJWKH%'0DWFKPDNHUV\VWHP&ORQWHFK492 
0RXQWDLQ9LHZ&$86$7KHS*$'7YHFWRUZDVXVHGIRUWKH*$/$'IXVLRQDQGWKH493 
S*%.7YHFWRUZDVXVHGIRU*$/%'IXVLRQ7KH\HDVWVWUDLQ$+KDUERULQJWKH/DF=494 
DQG +LV UHSRUWHU JHQHV ZDV XVHG 3&5 SURGXFWV ZHUH VXEFORQHG LQWR WKH S*%.7 DQG495 
S*$'7YHFWRUV7KHH[SUHVVLRQFRQVWUXFWVZHUHFRWUDQVIRUPHGLQWR\HDVW$+FHOOVDQG496 
WUDQVIRUPHGFHOOVZHUHVHOHFWHGE\JURZWKRQ6'/HX7USPHGLXPDQG6'/HX7US+LV497 
$GH ,QWHUDFWLRQV EHWZHHQ SURWHLQV ZHUH DQDO\]HG E\ PHDVXULQJ EJDODFWRVLGDVH E*DO498 
DFWLYLW\XVLQJRQLWURSKHQ\OE'JDODFWRS\UDQRVLGH213*DVDVXEVWUDWH 499 
 500 
%LPROHFXODUIOXRUHVFHQFHFRPSOHPHQWDWLRQ%L)&DVVD\V  501 
7KHELF3JHQHZDVIXVHGLQIUDPHWRWKHHQGRIDJHQHVHTXHQFHHQFRGLQJWKH&WHUPLQDO502 
KDOIRI(<)3LQWKHS6$71F(<)3&YHFWRU(7KHSEF F'1$VHTXHQFHZDVIXVHG503 
LQIUDPH WR WKH  HQG RI D JHQH VHTXHQFH HQFRGLQJ WKH 1WHUPLQDO KDOI RI (<)3 LQ WKH504 
S6$71Q(<)3& YHFWRU ( ([SUHVVLRQ FRQVWUXFWV ZHUH FRWUDQVIRUPHG LQWR505 
$UDELGRSVLVSURWRSODVWV([SUHVVLRQRI WKH IXVLRQFRQVWUXFWVZDVPRQLWRUHGE\ IOXRUHVFHQFH506 
PLFURVFRS\XVLQJD=HLVV/60FRQIRFDOPLFURVFRSH&DUO=HLVV-HQD*HUPDQ\ 507 
 508 
&KURPDWLQLPPXQRSUHFLSLWDWLRQ&K,3DVVD\V  509 
7KHHSLWRSHWDJJHGWUDQVJHQLFSODQWVDPSOHVZHUHFURVVOLQNHGZLWKYYIRUPDOGHK\GH510 
JURXQGWRSRZGHULQOLTXLGQLWURJHQDQGWKHQVRQLFDWHG7KHVRQLFDWHGFKURPDWLQFRPSOH[HV511 
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ZHUH ERXQGZLWK FRUUHVSRQGLQJ DQWLERGLHV$QWL0<& 0LOOLSRUH%LOOHULFD86$512 
DQWL3RO ,, VF 6DQWD &UX] 'DOODV 7H[DV 86$ DQWL+$= DQWLERGLHV DE513 
$EFDP &DPEULGJH 8. DQG VDOPRQ VSHUP '1$SURWHLQ $ DJDURVH EHDGV 514 
0LOOLSRUH%LOOHULFD86$ZHUHXVHGIRUFKURPDWLQLPPXQRSUHFLSLWDWLRQ'1$ZDVSXULILHG515 
XVLQJ SKHQROFKORURIRUPLVRDP\O DOFRKRO DQG VRGLXP DFHWDWH S+  7KH OHYHO RI516 
SUHFLSLWDWHG '1$ IUDJPHQWV ZDV TXDQWLILHG E\ TXDQWLWDWLYH 3&5 T3&5 XVLQJ VSHFLILF517 
SULPHUVHWV6XSSOHPHQWDO7DEOH69DOXHVZHUHQRUPDOL]HGDFFRUGLQJWRLQSXW'1$OHYHOV518 
9DOXHVIRUFRQWUROSODQWVZHUHVHWWRDIWHUQRUPDOL]DWLRQDJDLQVWeIF4aIRUT3&5DQDO\VLV 519 
520 
6SOLW-EOXFLIHUDVHDVVD\V 521 
7KH FRGLQJ UHJLRQV RI SEF DQG ELF3 ZHUH FORQHG LQWR SF)/XF& RU SF)/XF1 YHFWRU 7KH522 
UHFRPELQDQWFRQVWUXFWVZHUHFRWUDQVIRUPHGZLWKLQWR$UDELGRSVLVSURWRSODVWVE\SRO\HWK\OHQH523 
JO\FRO±PHGLDWHG WUDQVIRUPDWLRQ 7KH pUBQ10::GUS SODVPLG ZDV DOVR FRWUDQVIRUPHG DV DQ524 
LQWHUQDOFRQWUROWRQRUPDOL]HWKH/8&DFWLYLW\525 
526 
&RLPPXQRSUHFLSLWDWLRQ&R,3DVVD\V527 
Agrobacterium tumefaciens FHOOV FRQWDLQLQJ 6SEF-MYC DQG 6ELF3-GFP FRQVWUXFWV528 
ZHUH LQILOWUDWHG WR ZHHNROG Nicotiana benthamiana OHDYHV N. benthamiana OHDYHV ZHUH529 
KRPRJHQL]HG LQSURWHLQH[WUDFWLRQEXIIHU (?P07ULV+&OS+(?P01D&OYY530 
JO\FHUROZY1RQLGHW3(?P0('7$(?P0SKHQ\OPHWK\OVXOIRQ\OIOXRULGHDQG531 
îFRPSOHWHFRFNWDLORISURWHDVH LQKLELWRUV$IWHUSURWHLQH[WUDFWLRQDQWL0<&DQWLERGLHV532 
 0LOOLSRUH %LOOHULFD 0$ 86$ FRXSOHG WR 3URWHLQ$ VHSKDURVH EHDGV 6LJPD533 
$OGULFK 6W /RXLV 02 86$ ZHUH PL[HG DQG LQFXEDWHG IRU (?KDW (?& 7KH SUHFLSLWDWHG534 
VDPSOHVZHUHZDVKHGDWOHDVWIRXUWLPHVZLWKWKHSURWHLQH[WUDFWLRQEXIIHUDQGWKHQHOXWHGE\535 
 www.plantphysiol.orgon November 25, 2019 - Published by Downloaded from 
Copyright © 2019 American Society of Plant Biologists. All rights reserved.
 24 
 
î6'6±SRO\DFU\ODPLGHJHOHOHFWURSKRUHVLV3$*(ORDGLQJEXIIHU WRSHUIRUP6'6±3$*(536 
ZLWKDQWL0<&GLOXWLRQ0LOOLSRUHRUDQWL*)3DQWLERGLHVGLOXWLRQVF537 
6DQWD&UX]%LRWHFK'DOODV7H[DV86$538 
539 
6WDWLVWLFDODQDO\VLV540 
8QOHVV RWKHUZLVH VSHFLILHG TXDQWLWDWLYH GDWD DUH SUHVHQWHG DV PHDQ  6' DQG VLJQLILFDQFH541 
ZDVDVVHVVHGE\WKHWZRWDLOHG6WXGHQW¶VtWHVW542 
543 
$FFHVVLRQQXPEHUV544 
7KH UDZ VHTXHQFLQJ GDWD UHSRUWHG LQ WKLV ZRUN KDYH EHHQ GHSRVLWHG LQ WKH 1&%, *HQH545 
([SUHVVLRQ2PQLEXVXQGHUDFFHVVLRQQXPEHU*6(546 
547 
6XSSOHPHQWDO'DWD548 
7KHIROORZLQJVXSSOHPHQWDOPDWHULDOVDUHDYDLODEOHLQWKHRQOLQHYHUVLRQRIWKLVDUWLFOH 549 
6XSSOHPHQWDO)LJXUH6'LXUQDOH[SUHVVLRQRI+$=UHODWHGJHQHV550 
6XSSOHPHQWDO)LJXUH6<HDVWWZRK\EULGDVVD\V551 
6XSSOHPHQWDO)LJXUH6,QWHUDFWLRQRI(/)ZLWK3,(552 
6XSSOHPHQWDO)LJXUH6+$=RFFXSDQF\RQ(&WDUJHWJHQHV553 
6XSSOHPHQWDO)LJXUH6+$=HQULFKPHQWDWJHQHVERXQGE\ERWK(/)DQG/8;EXWQRW554 
GLIIHUHQWLDOO\H[SUHVVHGLQelf3-1DQGlux-4PXWDQWV555 
6XSSOHPHQWDO)LJXUH6+$=HQULFKPHQWDWJHQHVXSUHJXODWHG LQelf3-1 DQG lux-4EXW556 
QRWERXQGE\HLWKHU(/)RU/8;557 
6XSSOHPHQWDO )LJXUH 6 5HGXFHG UK\WKPLF DPSOLWXGH LQ JHQHWLF PXWDQWV RI 6:5558 
FRPSRQHQWV559 
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6XSSOHPHQWDO)LJXUH6,QIOXHQFHVRQFLUFDGLDQFORFNLQhta9-1hta11-2560 
6XSSOHPHQWDO)LJXUH6'HSRVLWLRQRI+$=DWFORFNJHQHSURPRWHUV561 
6XSSOHPHQWDO)LJXUH6%LQGLQJRI(/)WRWKHPRR7DQGPRR9SURPRWHUVDW=7562 
6XSSOHPHQWDO )LJXUH 6 3URWHLQ DFFXPXODWLRQ RI (/) LQ pELF3::ELF3-MYC DQG563 
pELF3::ELF3-MYCxarp6-1564 
6XSSOHPHQWDO)LJXUH6(/)ELQGLQJWRWKHPRRORFLLQarp6-1EDFNJURXQG565 
6XSSOHPHQWDO)LJXUH6+$=GHSRVLWLRQLQelf3-8PXWDQWWKURXJKRXWDGD\566 
6XSSOHPHQWDO)LJXUH6([SUHVVLRQRICCA1LHYDQGPIF4LQh2a.zDQGelf3-8PXWDQWV567 
6XSSOHPHQWDO )LJXUH 6 3URWHLQ DFFXPXODWLRQ RI 6() LQ 6MYC-SEF DQG 6MYC-568 
SEFxelf3-8569 
6XSSOHPHQWDO7DEOH6(&WDUJHWJHQHOLVW570 
6XSSOHPHQWDO7DEOH65DQGRPO\VHOHFWHGFRQWUROJHQHV571 
6XSSOHPHQWDO7DEOH6/LVWRIJHQHVERXQGE\ERWK(/)DQG/8;EXWQRWGLIIHUHQWLDOO\572 
H[SUHVVHGLQelf3-1DQGlux-4PXWDQWV 573 
6XSSOHPHQWDO 7DEOH 6 /LVW RI JHQHV XSUHJXODWHG LQ elf3-1 DQG lux-4 EXW QRW ERXQG E\574 
HLWKHU(/)RU/8;575 
6XSSOHPHQWDO7DEOH63ULPHUVXVHGLQ57T3&5DQDO\VLV576 
6XSSOHPHQWDO7DEOH63ULPHUVXVHGLQ&K,3DVVD\V577 
578 
$FNQRZOHGJHPHQWV:HWKDQN'U+XL/DQIRUELRLQIRUPDWLFVGDWDDQDO\VLV7KLVZRUNZDV579 
VXSSRUWHG E\ WKH %DVLF 6FLHQFH 5HVHDUFK 15)5$& DQG %DVLF 5HVHDUFK580 
/DERUDWRU\ 15)5$$ SURJUDPV SURYLGHG E\ WKH 1DWLRQDO 5HVHDUFK581 
)RXQGDWLRQ RI .RUHD DQG E\ WKH 1H[W*HQHUDWLRQ %LR*UHHQ  3URJUDP 3-582 
SURYLGHGE\WKH5XUDO'HYHORSPHQW$GPLQLVWUDWLRQWR3-630ODERUDWRU\LVIXQGHGE\WKH583 
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)('(56SDQLVK 0LQLVWU\ RI (FRQRP\ DQG &RPSHWLWLYHQHVV E\ WKH 5DPRQ $UHFHV584 
)RXQGDWLRQ DQG E\ WKH *HQHUDOLWDW GH &DWDOXQ\D $*$85 30 ODERUDWRU\ DOVR585 
DFNQRZOHGJHV ILQDQFLDOVXSSRUW IURP WKH&(5&$3URJUDP*HQHUDOLWDWGH&DWDOXQ\DDQGE\586 
WKH6SDQLVK0LQLVWU\RI(FRQRP\DQG&RPSHWLWLYHQHVVWKURXJKWKH³6HYHUR2FKRD3URJUDP587 
IRU&HQWHUVRI([FHOOHQFHLQ5	'´±6(9:RUNLQWKHODERI3$:588 
LVVXSSRUWHGE\WKH*DWVE\)RXQGDWLRQ*$7*/%589 
590 
591 
&RQIOLFWRILQWHUHVW592 
7KHDXWKRUVGHFODUHWKDWWKH\KDYHQRFRQIOLFWRILQWHUHVW593 
594 
)LJXUHOHJHQGV595 
)LJXUH  1XFOHRVRPH RFFXSDQF\ LQ (YHQLQJ &RPSOH[ (& WDUJHW JHQHV LQ &RO DQG596 
elf3-1DW=7DQG597 
$YHUDJHQXFOHRVRPHVLJQDOV QRUPDOL]HG0QDVHVHT UHDGVRQ(& WDUJHWJHQHV VHHDOVR598 
6XSSOHPHQWDO7DEOH6DW=HLWJHEHU7LPH=7=7DQG=7$&LQ&RODQGelf3-1599 
JURZQXQGHUORQJGD\FRQGLWLRQV/'+HDWPDSYLVXDOL]DWLRQRIQXFOHRVRPHVLJQDOVRYHU600 
(&WDUJHWJHQHVRQ&RODQGelf3-1DW=7=7DQG=7')'DWDDUHSORWWHGIURPNE601 
XSVWUHDPRI766WRNEGRZQVWUHDPRI7(6RI(&WDUJHWJHQHV*UDSKVVKRZWKHUHVXOWVRI602 
WZRUHSOLFDWHV7667UDQVFULSWLRQ6WDUW6LWH7(67UDQVFULSWLRQ(QG6LWH603 
604 
)LJXUH&RH[SUHVVLRQRIWKH6:5FRPSRQHQWVZLWK(& 605 
$'&LUFDGLDQH[SUHVVLRQRI6:5FRPSRQHQWV DQG ELF36HHGOLQJVJURZQXQGHUQHXWUDO606 
GD\ FRQGLWLRQV 1' K OLJKW K GDUN IRU  ZHHNV ZHUH WUDQVIHUUHG WR FRQWLQXRXV OLJKW607 
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FRQGLWLRQV // DW=HLWJHEHU7LPH =7:KROH VHHGOLQJVZHUH KDUYHVWHG IURP=7 WR608 
=7WRDQDO\]HWUDQVFULSWDFFXPXODWLRQ7UDQVFULSWOHYHOVRIARP6$PIE1%SEF&609 
DQGELF3 'ZHUHGHWHUPLQHGE\UHYHUVH WUDQVFULSWLRQTXDQWLWDWLYH3&557T3&5*HQH610 
H[SUHVVLRQ YDOXHV ZHUH QRUPDOL]HG WR WKH EUKARYOTIC TRANSLATION INITIATION 611 
FACTOR 4A1 eIF4A H[SUHVVLRQ %LRORJLFDO WULSOLFDWHV ZHUH DYHUDJHG %DUV UHSUHVHQW WKH612 
VWDQGDUGHUURURIWKHPHDQ7KHZKLWHDQGJUH\ER[HVLQGLFDWHWKHVXEMHFWLYHGD\DQGQLJKW613 
UHVSHFWLYHO\614 
615 
)LJXUH(OHYDWHGH[SUHVVLRQRI(&WDUJHWJHQHVLQarp6-1 616 
+HDW PDS YLVXDOL]DWLRQ RI ORJ IROG FKDQJHV RI WKH H[SUHVVLRQ OHYHOV RI (& WDUJHW JHQHV LQ617 
arp6-1 DW & FRPSDUHG ZLWK &RO DW & JURZQ XQGHU /'V $ DQG LQ arp6-1 DW &618 
FRPSDUHG ZLWK &RO DW & JURZQ XQGHU VKRUW GD\V 6'V % 9DOXHV LQ $ DQG %619 
UHSUHVHQW ORJ 730LQarp6-1&703LQ&RO&DQGORJ 730LQarp6-1&620 
703LQ&RO&UHVSHFWLYHO\7KHORJIROGFKDQJHRIWKHH[SUHVVLRQOHYHORIHDFKJHQH621 
ZDVFDOFXODWHGE\=VFRUHPHDQ VWDQGDUGGHYLDWLRQ 7KHKHDWPDSZDVJHQHUDWHG622 
XVLQJKHDWPDSIXQFWLRQLQ5YHUVLRQ 623 
624 
)LJXUH,QWHUDFWLRQVRIWKH6:5FRPSOH[ZLWK(& 625 
$\HDVWWZRK\EULG<+DVVD\V<+DVVD\VZHUHSHUIRUPHGZLWKWKH6()SURWHLQIXVHGWR626 
WKH '1$ELQGLQJ GRPDLQ %' RI *$/ DQG HYHQLQJH[SUHVVHG FORFN FRPSRQHQWV IXVHG627 
ZLWK WKH WUDQVFULSWLRQDO DFWLYDWLRQ GRPDLQ $' RI *$/ IRU DQDO\VLV RI LQWHUDFWLRQV628 
,QWHUDFWLRQVZHUH H[DPLQHG E\ FHOO JURZWK RQ VHOHFWLYH PHGLD /:+$ LQGLFDWHV /HX 7US629 
+LVDQG$GHGURSRXWSODWHV/:LQGLFDWHV/HXDQG7USGURSRXWSODWHV*$/ZDVXVHGDVD630 
SRVLWLYHFRQWURO3 631 
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% %L)& DVVD\V 3DUWLDO IUDJPHQWV RI <)3 SURWHLQ ZHUH IXVHG ZLWK 6() DQG (/) DQG FR632 
H[SUHVVHGLQ$UDELGRSVLVSURWRSODVWV5HFRQVWLWXWHGIOXRUHVFHQFHZDVH[DPLQHGE\FRQIRFDO633 
PLFURVFRS\,''5)3ZDVXVHGDVDQXFOHXVPDUNHU%DUVP 634 
& ,QWHUDFWLRQ RI (/)1/XF ZLWK 6()&/XF 3DUWLDO IUDJPHQWV RI /XFLIHUDVH 1/XF DQG635 
&/XFZHUHIXVHGZLWK(/)RU6()7KHIXVLRQFRQVWUXFWVZHUHFRH[SUHVVHGLQ$UDELGRSVLV636 
SURWRSODVWV DQG /XF DFWLYLWLHV ZHUH PHDVXUHG DQG QRUPDOL]HG DJDLQVW WRWDO SURWHLQ 7KUHH637 
LQGHSHQGHQW ELRORJLFDO UHSOLFDWHV ZHUH DYHUDJHG DQG VWDWLVWLFDOO\ DQDO\]HG ZLWK 6WXGHQW¶V t638 
WHVWP%DUVLQGLFDWHWKHVWDQGDUGHUURURIWKHPHDQ 639 
' &R,3 DVVD\V Agrobacterium tumefaciens FHOOV FRQWDLQLQJ 6ELF3N(1-345aa)-GFP640 
6ELF3C(346-695aa)-GFP DQG6SEF-MYC FRQVWUXFWVZHUHFRLQILOWUDWHG WRZHHNROGN. 641 
benthamiana OHDYHV (SLWRSHWDJJHG SURWHLQV ZHUH GHWHFWHG LPPXQRORJLFDOO\ XVLQJ642 
FRUUHVSRQGLQJDQWLERGLHV 643 
644 
)LJXUH(/)DQG+$=RFFXSDQF\RI(&WDUJHWJHQHV 645 
$%+$=HQULFKPHQWQRUPDOL]HG+7$)/$*&K,3VHTUHDGVRQ(&WDUJHWJHQHV646 
$DQGFRQWUROJHQHV%ZDVDQDO\]HG)RUWKHFODVVRIµFRQWUROJHQHV¶DVDPSOHRIJHQHV647 
ZDV UDQGRPO\ VHOHFWHG WR FRPSDUH WKHLU +$= RFFXSDQF\ ZLWK (& WDUJHW JHQHV VHH DOVR648 
6XSSOHPHQWDO 7DEOH 6 $ DQG % DUH SORWWHG IURP NE XSVWUHDP RI WKH 766 WR NE649 
GRZQVWUHDPRIWKH7(6RIWKHFRUUHVSRQGLQJJHQHV 650 
&(/)DQG+$=DYHUDJHELQGLQJSORWRQ(&WDUJHWJHQHV 651 
'(+$=HQULFKPHQWLQZLOGW\SH'DQGelf3-1PXWDQW(DWYDULRXVWLPHSRLQWVXQGHU652 
/'FRQGLWLRQV 653 
654 
)LJXUH+$=GHSRVLWLRQDWPRR7 DQGPRR9 ORFLE\WKH6:5FRPSOH[ 655 
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,Q $ WR & IUDJPHQWHG '1$ ZDV HOXWHG IURP WKH SURWHLQ'1$ FRPSOH[HV DQG XVHG IRU656 
T3&5DQDO\VLV(QULFKPHQWZDVQRUPDOL]HGUHODWLYH WReIF4A7KUHH LQGHSHQGHQWELRORJLFDO657 
UHSOLFDWHVZHUHDYHUDJHGDQGWKHVWDWLVWLFDOVLJQLILFDQFHRIWKHPHDVXUHPHQWVZDVGHWHUPLQHG658 
%DUVLQGLFDWHWKHVWDQGDUGHUURURIWKHPHDQ 659 
$$FFXPXODWLRQRI+$= DW FORFNJHQH ORFL7ZRZHHNROGSODQWVJURZQXQGHU1'ZHUH660 
XVHGIRU&K,3DQDO\VLVZLWKDQWL*)3DQWLERG\*HQHVWUXFWXUHVDUHSUHVHQWHGXSSHUSDQHO661 
8QGHUEDUV UHSUHVHQW WKH DPSOLILHG JHQRPLF UHJLRQV 6WDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV662 
EHWZHHQ=7DQG=7VDPSOHVDUHLQGLFDWHGE\DVWHULVNV6WXGHQW¶VtWHVWPP663 
 664 
%%LQGLQJRI6() WRFORFNJHQHSURPRWHUV7ZRZHHNROG6MYC-SEF WUDQVJHQLFSODQWV665 
JURZQXQGHU1'ZHUHKDUYHVWHGDW=76WDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVEHWZHHQZLOG666 
W\SHDQG6MYC-SEFSODQWVDUHLQGLFDWHGE\DVWHULVNV6WXGHQW¶VtWHVWP 667 
& 5HFUXLWPHQW RI 3RO ,, DW PRRV LQ sef-1 7ZRZHHNROG SODQWV JURZQ XQGHU 1' ZHUH668 
KDUYHVWHGDW=7DQGXVHGIRU&K,3DQDO\VLVZLWKDQDQWL1WHUPLQXVRI$UDELGRSVLV3RO,,669 
DQWLERG\T3&5ZDVSHUIRUPHGZLWKDSULPHUSDLUDPSOLI\LQJ%UHJLRQRIHDFKJHQHSURPRWHU670 
VHH DOVR )LJ $ 6WDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ :7 DQG sef-1 SODQWV DUH671 
LQGLFDWHGE\DVWHULVNV6WXGHQW¶VtWHVWP672 
673 
)LJXUH+$=H[FKDQJHDWPRR7 DQGPRR9 ORFLE\(/) 674 
$ %LQGLQJ RI (/) WR PRR SURPRWHUV 7ZRZHHNROG pELF3::ELF3-MYC/elf3-1 VHHGOLQJV675 
JURZQ XQGHU 1' ZHUH KDUYHVWHG DW =7 DQG XVHG WR FRQGXFW &K,3 DVVD\V 6WDWLVWLFDOO\676 
VLJQLILFDQWGLIIHUHQFHVEHWZHHQ&RODQGpELF3::ELF3-MYC/elf3-1SODQWVDUH LQGLFDWHGE\677 
DVWHULVNV6WXGHQW
VtWHVWPP678 
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%+$=GHSRVLWLRQDWFORFNJHQHSURPRWHUVLQelf3-87ZRZHHNROGSODQWVJURZQXQGHU1'679 
ZHUH XVHG IRU &K,3 DQDO\VLV ZLWK DQWL+$= DQWLERG\ 6WDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV680 
EHWZHHQ&RODQGelf3-8SODQWVDUHLQGLFDWHGE\DVWHULVNV6WXGHQW
VtWHVWPP681 
682 
&6()ELQGLQJWRWKHPRRORFLLQelf3-8EDFNJURXQG7ZRZHHNROGSODQWVJURZQXQGHU1'683 
ZHUH XVHG IRU &K,3 DQDO\VLV ZLWK DQWL0<& DQWLERG\ 6WDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV684 
EHWZHHQ=7DQG=7VDPSOHVDUHLQGLFDWHGE\DVWHULVNV6WXGHQW¶VtWHVWP 685 
'5HFUXLWPHQWRI3RO,,DWFORFNJHQHSURPRWHUVLQelf3-87ZRZHHNROGSODQWVJURZQXQGHU686 
1' ZHUH KDUYHVWHG DW =7 DQG XVHG IRU &K,3 DQDO\VLV ZLWK DQ DQWL1WHUPLQXV RI687 
$UDELGRSVLV3RO,,DQWLERG\,Q$WR'IUDJPHQWHG'1$ZDVHOXWHGIURPWKHSURWHLQ'1$688 
FRPSOH[HVDQGXVHGIRUT3&5DQDO\VLV(QULFKPHQWZDVQRUPDOL]HGUHODWLYHWReIF4A7KUHH689 
LQGHSHQGHQW ELRORJLFDO UHSOLFDWHV ZHUH DYHUDJHG DQG WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH690 
PHDVXUHPHQWVZDVGHWHUPLQHGE\6WXGHQW¶VtWHVWP%DUVLQGLFDWHWKHVWDQGDUGHUURU691 
RIWKHPHDQ 692 
(&LUFDGLDQH[SUHVVLRQRIPRR7DQGPRR9 LQelf3-8DQGh2a.z 693 
) PRR H[SUHVVLRQ LQ 6MYC-SEF/elf3-8 ,Q ( DQG ) VHHGOLQJV JURZQ XQGHU 1'694 
FRQGLWLRQVIRUZHHNVZHUHWUDQVIHUUHGWR//DW=7 695 
696 
/,7(5$785(&,7('697 
$ODEDGL ' 2\DPD 7 <DQRYVN\ 0- +DUPRQ )* 0DV 3 .D\ 6$  5HFLSURFDO UHJXODWLRQ EHWZHHQ698 
72&DQG/+<&&$ZLWKLQWKH$UDELGRSVLVFLUFDGLDQFORFN6FLHQFH699 
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